Antarctica and surrounding waters are often considered pristine, but may be subject to local pollution from tourism, fishing and governmental research programme activities. In particular, the quantification of microplastic pollution within the Antarctic Treaty area (south of latitude 60 o S) has received little attention. We examined microplastic particle concentrations in sediment samples from 20 locations up to 7 km from Rothera Research Station. The highest concentrations of microplastic (<5 particles 10 ml -1 ) were recorded in sediment collected near the station sewage treatment plant outfall. The concentrations were similar to levels recorded in shallow and deep sea marine sediments outside Antarctica. The detected microplastics had characteristics similar to those commonly produced by clothes washing. We recommend further research on microplastics around Antarctic stations to inform policy discussions and the development of appropriate management responses.
Introduction
Floating macro-debris and microplastics (particles <5 mm) are ubiquitous within all the world's oceans (Spengler and Costa, 2008; Schlining et al., 2013; Bergmann, 2015) including the Southern Ocean and near shore waters around the Antarctic continent (Barnes et al., 2010; Waller et al., 2017) . Polar marine ecosystems already face increasing pressures from ocean acidification, climate change impacts, illegal, unreported and unregulated fishing and pollution (Tin et al., 2009; Obbard et al., 2014; Thompson, 2004; DeBoyer et al., 2014) . Added to this, microplastics may present significant environmental concerns, as their small size and density may make them accessible for ingestion by a wide range of organisms, potentially leading to physical or toxicological effects (Arthur et al., 2009; Law and Thompson, 2016; Waller et al., 2017) . The availability of data on plastic debris distribution in Antarctica and any associated environmental impact is currently limited (see the recent review by Waller et al., 2017) . Microplastics have already been found on the sub-Antarctic island of South Georgia, via ingestion by seals and birds (Barnes, 2005; Barnes et al., 2010) , within sediments near the Mario Zucchelli Station, (Northern Victoria Land; Munari et al., 2017) , in the surface waters of the Pacific sector of the Southern Ocean (Isobe et al., 2017) and the Ross Sea (Cincinelli et al., 2017) . Isobe et al. (2017) suggest that once microplastics are south of the Polar Front within the Southern Ocean, they may become trapped in the Antarctic circumpolar current around Antarctica.
Microplastics may originate from different sources. Larger plastic debris delivered into the marine environment from terrestrial sources (e.g. by being lost or dumped at sea) may be broken down into smaller particles by ultraviolet radiation and physical processes (Gregory and Ryan, 1997; Nerland et al., 2014) . Alternatively, microbeads in cosmetic products or microfibers produced following washing of clothing made from synthetic material may be released to the sea in wastewater; for example, up to 728,000 fibres can be released from a 6 kg washing load of acrylic fabrics (Napper and Thompson, 2016) . In Antarctica and the Southern Ocean, the low volume of shipping and lack of a substantial human population compared to the other continents means that local sources of microplastics may be few (Waller et al., 2017) . Most of the continent's estimated 4,000 transient summer inhabitants live and work within the research stations operated by national Antarctic programmes. Each national programme that operates within the Antarctic Treaty area (the area south of latitude 60 o S) is obliged to follow waste disposal practices in accordance with the Protocol on Environmental Protection to the Antarctic Treaty, but treatment standards vary and may depend upon the size, location and sophistication of the research station (Antarctic Treaty Secretariat, 1998a,b; United States, 2006) . Grondahl et al. (2009) found that ~54% of the 71 Antarctic Research Stations studied had some form of wastewater treatment, but their effectiveness at removing microplastic from effluent is largely unknown (Waller et al., 2017) The aim of this study was to access the presence and concentration of microplastic pollution within sediment from intertidal and near shore marine locations in the vicinity of Rothera Research Station, Adelaide Island (67 o 34' 0 S, 68 o 08' 0 W), which lies to the west of the Antarctic Peninsula.
We also aimed to identify the characteristics of any microplastics to determine their likely source.
Methods

Study Location
The United Kingdom's Rothera Research Station is a permanently manned station situated on Rothera Point, Adelaide Island, to the west of the Antarctic Peninsula. Rothera Point is a rocky promontory that projects into Marguerite Bay (Figure 1 ). Around 100 scientists and research support personnel occupy the station during the austral summer (November to April), with this number falling to approximately 20 during the winter months. A biological sewage treatment plant was installed at Rothera Research Station in February 2003 with the plant outfall discharging into the intertidal zone at North Cove (see Figure 1 ).
Sample collection
5 Near shore marine sediment samples were collected by diving or box coring between January 2016 and March 2016. Sample areas located near Rothera Point included North Cove, Cheshire Island (c.
200 m from the station wharf) and South Cove (see Figure 1 ). While all of these sites were within c. 100 m of Rothera Point, the distance to the station sewage outfall (either directly or along the coastline) varied between 10 and 2125 m (see Figure 1 ). Further sediment samples were collected from locations further way from Rothera Point, i.e. Mackay Point (c. 4 km), Bambay (c. 4.5 km) and Rose Garden (Anchorage Island; c. 7 km) (see Figure 1 ). Divers used new sterile 500 ml bottles to take arc-shaped samples of the upper ~3 cm of marine sediment. At each sampling site, three replicate sediment samples were taken. In addition, a site adjacent to the sewage treatment plant outfall in North Cove was sampled using a box corer.
Sample processing
All sample processing was conducted in a contamination-restricted laboratory, where those handling the samples wore 100% cotton clothing and where hands and nails were washed thoroughly before analysis. Before sampling, all exposed clothing was swabbed with a roller to remove settled fibres.
The work surface was cleaned before and after each sample was processed. Checks for contamination during processing were made by exposing a Petri dish containing damp filter paper to account for suspended air contaminants.
Microplastics were extracted from 10 ml sediment sub-samples with a concentrated NaCl solution (1.2 kg NaCl l -1 ) and three filtering extractions. To ensure the NaCl solution was free of plastic fibres it was passed through filter paper until no fibres were detected. The method employed supernatant filtering through a Whatman GF/A 47 mm glass microfiber filter. Using a stainless steel scoop, 10 ml of each sample was weighed, then added to a glass separating funnel, after which 200 ml of saturated NaCl solution was added. The flask was shaken vigorously by hand for 30 seconds, covered with foil, and then left to stand for 5 minutes to allow the sediment to settle out. The salt solution was decanted into a glass filter funnel and care was taken to avoid pouring in any of the 6 sediment that had settled out (see Hidalgo-ruz et al., 2012) . The sample liquid was poured into the filter apparatus over three filtrations to prevent sediment build up. After all the liquid was removed from the sediment, a further 100 ml of NaCl solution was added and filtered to produce three additional sub-samples. This was repeated for a third time, resulting in nine sub-sample filter papers for every sediment sample. Therefore, there were 27 filter papers for the three sediment samples collected from each location. All filter papers were examined for microplastic particles using a binocular microscope. A control blank was completed between each sample, where 200 ml of NaCl solution underwent the same procedure and the filter paper was checked to ensure no microplastics were present. The microplastic detection limit was considered to be fragments down to 0.1 mm in maximal length.
Microplastic material analysis
Analysis of the composition of the identified microplastics was conducted using a Bruker IFS66 Fourier transform-infrared (FT-IR) spectrometer with a mercury cadmium telluride detector operating in the 600 -4000 cm −1 wave number range (see Woodall et al., 2014) . A Specac DC-2 Diamond compression cell (2 mm in diameter) was used to allow transmission of the IR beam to the detector. Bruker's OPUS 5.5 spectroscopy software was used during measurement, processing and evaluation of the IR spectra. Spectra were used to determine particles composed of natural material (e.g. cotton, silk, wool) as well as synthetic and semi-synthetic materials (e.g. rayon, acrylic, nylon).
Spectra of potential contaminants, such as those from the collection bottles and the FT-IR
spectrometer were added to the library in order to eliminate any contamination from the data. No matches with these materials were found in any of the samples.
Results
Microplastic distribution
Triplicate sediment samples were analysed from 20 locations within the six sample areas (Figure 1 and Supplementary Table S1 ). The highest concentrations of particles were found in samples obtained from within North Cove close to the sewage treatment plant outfall and to a lesser degree, Cheshire Island. Sediment samples collected from sites greater than 1.6 km from the outfall had microplastic particle concentrations either at or below the detection limit (i.e. one particle > 0.1 mm maximal diameter per 10 ml replicate sample) with, for example, no particles detected at Rose Garden c. 7 km from the station ( Supplementary Table 1 and Figure 2) . A total of 31 microplastic particles were found within the samples collected in this study.
Microplastic material
The microplastic particles from the sediments were diverse in colour, including white and vibrant reds, green and turquoise; however, 20% of the particles were black or blue. The microplastic particles were almost all fibres, commonly 2 -5 mm in maximal length and less than 0.1 mm in diameter. One sample from North Cove contained one microplastic particle that was spherical in shape and may have originated from the degradation of a larger plastic object. Consequently, the plastic particles detected may have originated from a number of materials, including, for example, synthetic fibres with a long-thin form that may be indicative of textiles from clothing, cleansing wipes and hygiene products. Analysis of the composition of the particles showed that rayon, a semi-synthetic fibre, was most common (comprised 42% of all the particles examined) and found only in samples collected from North Cove and Cheshire Island, the two locations closest to the research station outfall.
Discussion
This study has revealed the level of microplastic pollution in near shore marine sediments collected in the vicinity of Rothera Research Station, Adelaide Island. The highest particle abundances where recorded in North Cove, and the sewage treatment plant outflow that empties into the cove is a 8 likely source of these microplastics. Supporting this hypothesis, the shape and composition of the detected fibres were indicative of those generated during clothes washing (Andrady et al., 2011; Napper and Thompson, 2016) . Rayon fibres were most common and were only detected within 1.6 km of the outfall, suggesting that the released station grey water may have been the source. The microplastics found at the Cheshire Island sample site (located 1.6 km along the cost from the outfall) may have originated from the sewage outfall, or possibly from the Biscoe Wharf, located 200 m to the east. In general, microplastic concentrations in sediments were of a similar order of magnitude to concentrations found globally in deep ocean, shallow water marine and beach sediments (Brown et al., 2011; Woodall et al., 2014) . Waller et al. (2017) recently reviewed the topic of microplastic contaminations within the Antarctic marine system and estimated that levels of microplastic pollution released into the region from ships and scientific research stations were most likely negligible on the scale of the Southern Ocean. Their calculations were based upon the assumption that all released particles were distributed homogeneously within the Southern Ocean, but did suggest that microplastic pollution had the potential to be more concentrated at a local scale around point sources. In our study, microplastics fibres detected in North Cove are likely to have originated from the outfall; however, across all the sample locations, pollution from other sources (such as plastics originating from outside the local area or Antarctica) cannot be discounted. This may be true particularly for microplastic particles (as opposed to microplastic fibres) as their release from local sewage outfalls may be less likely.
Effluent has been released from Rothera Research Station for over 40 years, and microbial tracers have demonstrated the presence of currents in North Cove (Hughes, 2003) . The low concentrations of microplastics detected in the vicinity of the outfall suggest that these currents may be effective in the wider dispersal of microplastics away from the station. In a similar study, Munari et al. (2017) recorded microplastics in all samples collected up to 10 km from Mario Zucchelli Station, Terra Nova Bay, Ross Sea, Antarctica. They recorded 1661 items of microplastic (totalling 3.14 g) within 31 sediment samples, with concentrations decreasing with increasing distance from the base. Waller et al. (2017) found between 16 and 766 synthetic particles m −2 in sediments and macroalgal material collected at depths of 6 to 60 m from Mackellar Inlet, Admiralty Bay, South Shetland Islands, close to the Peruvian Machu Picchu research station. No clear pattern of abundance or distribution was observed; however, potential outputs from other research stations in the vicinity of Admiralty Bay may have complicated the pattern detected. In a study of plastics in seawater samples from the Ross Sea, including near Mario Zucchelli Station, Cincinelli et al. (2017) found the highest concentration of pelagic microplastics in the sample collected close to the effluent originating from the Mario Zucchelli Station. These studies suggest that Antarctic research stations may act as point sources of release of microplastic particles, although the impacts on local wildlife remain largely unknown (Lusher et al., 2013; Gall and Thompson, 2015) .
The Antarctic Treaty System is the agreed mechanism for governance within the Antarctic Treaty area. The wider issue of microplastic pollution has only emerged in the time after the Protocol on Environmental Protection to the Antarctic Treaty was agreed in 1991, and consequently the Protocol does not address the issue of microplastic pollution directly. Annex III 'Waste Disposal and Waste Management' to the Protocol states that sewage and domestic liquid wastes may be discharged directly into the sea, as long as (i) conditions exist for initial dilution and rapid dispersal and (ii) large quantities of wastes be treated at least by maceration. The Annex also states that all plastic shall be removed from Antarctica, with the only exception being those plastics that can be incinerated without producing harmful emissions. Antarctic Treaty Consultative Parties, and in particular their Committee on Environmental Protection, have yet to undertake comprehensive discussions on the issue of microplastics. However, given the paucity of studies on microplastic pollution within Antarctica, and those near research stations and popular tourist visitor sites in particular, we would encourage further research on microplastic pollution levels and likely impacts to inform policy discussion and recommendations on possible practical responses. Table 1 for full details of the particles and fibres found in samples 1
